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Summary 

Purcell's Image method for measuring the absolute gain of an antenna Is 
particularly attractive for small test antennas. The method Is simple to use 
and utilizes only one antenna with a reflecting plane to provide an Image for 
the receiving antenna. However, the method provides accurate results only If 
the antenna Is matched to Its waveguide. In this paper, a waveguide junction 
analysis Is developed to determine the gain of an antenna under mismatched 
condition. Absolute gain measurements for two standard gain horn antennas 
have been carried out. Experimental results agree closely with published 
data. 


Introduction 


This paper describes an Image method for absolute gain measurement under 
mismatched condition. The Image method, first proposed by Purcell, utilizes 
only one antenna with a metallic reflecting plane to provide an Image for the 
receive antenna as Illustrated In figure 1. Energy radiated by the antenna Is 
reflected back to the antenna with the received power related to the trans- 
mitted power by the Frlls transmission formula. 
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where P r Is the received power; P^ Is the transmitted power; G Is the 
gain of the antenna; \ Is the free space wavelength and R Is the distance 
from the antenna aperture to the reflecting plane. Under matched condition, 
power radiated from the antenna Is reflected back to the antenna giving rise to 
a reflected wave In the waveguide. By measuring the reflection coefficient, 

| r | , as a function of distance, R, the gain can be determined from the mean 
straight line Interpolation of the experimental curve according to 


where | r | 2 = P r /Pj. and 8ir/G\ Is the slope of the line. 1 - 2 When the 
waveguide/antenna junction Is mismatched, multiple reflections occur at the 
mismatched junction with the received power partly absorbed and the rest 
reradiated by the antenna. 3 in this paper, a waveguide junction analysis Is 
applied to calculate the gain of an antenna under mismatched condition. Abso- 
lute gain measurements for two standard gain horn antennas have been carried 
out. Experimental results are found to agree well with published data. 


Formulation 


In the absence of a reflecting plane, the Incident power, P^, to a mis- 
matched waveguide/antenna Junction with a reflection coefficient, To, can 
be decomposed Into a reflected power component, P^|r 0 K, and a transmitted 
power component, P i (l-|r |„|2) . With a reflecting plane In front of the test 

antenna as shown In figure 2, power radiated from the antenna sets up multiple 
reflections between the mismatched junction and the reflecting plane with the 
amplitude of the received power given by the Frlls transmission formula. 
Assuming the waveguide Is matched to the source, the sum of the received power 
to the waveguide Is given by 



p ro' r ^ 





? )* P rl |r r' 4 l r o |2 ( 1 - |r o' 2 ) 

* P r2 |r r' 6 l r o ,4 ( 1 - |r o' 2 ) t 


where 


P_ _ = P* 
ro t 


gV 

(8irR) : 


rl 


> g 2 x 2 

r0 (8irR) 2 


r2 


, G 2 X 2 
rl ( 8irR) 2 


(3) 


etc. 


| r r | Is the reflection coefficient of the reflecting plane; |e r | Is the 
received wave amplitude and Z w Is the guide Impedance. By writing the 
transmitted power, Pt, In terms of the Incident wave amplitude, | e^ | , 
equation (3) becomes 
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The total reflected wave amplitude In the waveguide measured by the directional 
coupler Is 
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The ratio |e r |/|e^| Is the reflection coefficient |r|. In general, 

y|r r | 2 |r 0 i 2 < 1 , 

the second term In equation (5) can be expanded In series form. By setting 
| r r | = 1, and neglecting all higher order terms, equation (5) can be 
simplified to 



Experimental Results 


Absolute gain measurements have been carried out for a Wavellne horn 
(18 to 26 GHz) and a Sclentlf Ic-Atlanta waveguide horn (12 to 18 A) with known 
gains of 15.0 db at 22 GHz and 23.9 db at 20 GHz, respectively. The experi- 
mental graphs of l/|r-r 0 | versus R are shown In figures 3 and 4. 

By Interpolating the data points with a straight line through the origin, the 

experimental results yield a gain of 14.65 db for the Wavellne horn and 
23.98 db for the Scientific Atlanta horn. In the experiment, the Incident and 

reflected powers are measured through directional coupler using a HP 438A power 

meter. The reflected power exhibits an approximately sinusoidal variation with 
R as a result of multiple reflections between the mismatched antenna junction 
and the reflecting plane. When the antenna Is sufficiently far away from the 
reflecting plane, the measurements become less accurate as demonstrated by wide 
variations of the data points. 
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FIGURE 1.- THE IMAGE METHOD FOR ABSOLUTE GAIN MEASUREMENT. 
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FIGURE 2.- REPRESENTATION OF MULTIPLE REFLECTIONS AT A MISMATCHED 
WAVEGUIDE/ANTENNA JUNCTION. 
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(18-26 GHZ). 



ATLANTA WAVEGUIDE HORN (12A-18). 




1. Report No. 2. Government Accession No. 

NASA TM-88924 

3. Recipient's Catalog No. 

4. Title and Subtitle 

Absolute Gain Measurement by the Image Method Under 
Mismatched Condition 

5. Report Date 

6. Performing Organization Code 

506-44-21 

7. Author(s) 

Richard Q. Lee and Maurice F. Baddour 

8. Performing Organization Report No. 

E-3359 

10. Work Unit No. 

9. Performing Organization Name and Address 

National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohio 44135 

11. Contract or Grant No. 

13. Type of Report and Period Covered 

Technical Memorandum 

12. Sponsoring Agency Name and Address 

National Aeronautics and Space Administration 
Washington, D.C. 20546 

14. Sponsoring Agency Code 

15. Supplementary Notes 


Prepared for the International AP-S Symposium, sponsored by the Institute of 
Electrical and Electronics Engineers, Blacksburg, Virginia, June 15-19, 1987. 


16. Abstract 

Purcell's Image method for measuring the absolute gain of an antenna Is 
particularly attractive for small test antennas. The method Is simple to use 
and utilizes only one antenna with a reflecting plane to provide an Image for 
the receiving antenna. However, the method provides accurate results only If 
the antenna Is matched to Its waveguide. In this paper, a waveguide junction 
analysis Is developed to determine the gain of an antenna under mismatched 
condition. Absolute gain measurements for two standard gain horn antennas 
have been carried out. Experimental results agree closely with published 
data. 


17. Key Words (Suggested by Author(s)) 

Antenna gain measurement 

18. Distribution Statement 

Unclassified - unlimited 
STAR Category 33 

19. Security Classif. (of this report) 

Unclassified 

20. Security Classif. (of this page) 

Unclassified 

21. No. of pages 

22. Price* 


*For sale by the National Technical Information Service, Springfield, Virginia 22161 







